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Introduction
Both a low Body Mass Index (BMI) (<18.5 kg/m 2 , underweight) and a high BMI (!30 kg/ m 2 , obesity) are risk factors for increased morbidity, mortality, and adverse outcome of many diseases in the general population. [1] [2] [3] [4] [5] Despite that, knowledge is sparse on BMI values in patients acutely admitted to general hospitals, and on clinical characteristics and outcomes associated with different BMI levels. Earlier studies have suggested a protective effect of overweight or moderate obesity in patients acutely admitted to hospital with heart failure, hip fracture, or sepsis-the so-called obesity paradox. [6] [7] [8] [9] [10] [11] In general population studies, newer meta-analyses have challenged the presence of any obesity paradox [5, 12] suggesting that previous findings have been biased by differences in clinical and lifestyle characteristics associated with different BMI ranges. [13] In general patient populations, such data are scarce.
Large-scale electronic patient data from clinical information systems constitute a potentially valuable and cost-efficient method of collecting data on patients' BMI, both for health care quality monitoring and for prognostic epidemiological research. [14] Studies have discussed the potential of using electronic health records, finding great opportunities of investigating disease development and treatment using electronic health records. [15] [16] [17] The Central Denmark Region Clinical Information System (CDRCIS) contains readily available data on BMI covering the entire hospital population in the Region, with virtually complete patient followup. [18] In the present study, we aimed to examine BMI among patients acutely admitted to general hospitals and the association of BMI with 30-day mortality. We also examined characteristics associated with different BMI levels, including demographic characteristics, comorbidities, medication use, tobacco smoking, and reasons for admission.
Methods
The Central Denmark Region has a mixed rural and urban population of approximately 1.27 million persons. In Denmark, medical records of individual patients are tracked using civil personal registration numbers. These unique identifiers, encoding sex and date of birth, have been assigned to all Danish residents since 1968. In the present study, we used civil personal registration numbers to link data from the Danish National Patient Registry (DNPR), [14] the Civil Registration System (CRS), [18] the CDRCIS, and the Aarhus University Prescription Database (AUPD). [19] 
Study population
We used the DNPR to identify all individuals aged > = 18 years in the Central Denmark Region with one or more acute inpatient hospital admissions recorded between January 1, 2011 and December 31, 2014 (N = 242,637). We then identified all patients with a body mass index (BMI) measurement in the CDRCIS recorded during their first acute hospital admission in the study period (N = 92,027, 38%). We grouped these BMI measurement according to standard categories: underweight (<18.5 kg/m 
30-day mortality
We ascertained complete 30-day mortality data from the Danish CRS system. [18] Reason for hospital admission
In each BMI category, we used the primary (first-listed) discharge diagnosis code recorded in the DNPR to identify the main reason for the first acute inpatient admission during the study period. We then examined 10 primary International Classification of Diseases, Tenth Revision (ICD-10) diagnoses that have been commonly related to either high or low BMI in the literature: femur fracture [20, 21] abdominal pain, angina, [22] atrial fibrillation, [23] pneumonia, [24, 25] chronic obstructive pulmonary disease [COPD], [5, 26, 27 ] type 2 diabetes [T2D], [28] erysipelas, [29, 30] cholelithiasis, [31] and sleep disturbances [32] (see S1 Table for codes) . Second, we grouped patients according to major disease categories in ICD-10 (S1 Table) .
Comorbidity
Based on DNPR data, we summarized each patient's comorbidity history based on hospital contacts during the five years prior to the admission date, according to 19 disease categories included in the Charlson Comorbidity Index (CCI). [33] We grouped patients by overall level of comorbidity, defined as a CCI score of 0 (no comorbidity recorded), 1-2 (moderate comorbidity), and 3+ (severe comorbidity) (see S3 and S4 Tables).
Smoking
We used data from the CDRCIS to categorize patients' tobacco smoking status on the hospital admission date as follows: no smoking, current smoking, former smoking, or occasional smoking.
Medication use
We obtained individual-level information from the AUPD on prescription medications redeemed within 180 days before the hospital admission, and classified patients as users/nonusers of anti-hypertensive medications, glucose-lowering medications, lipid-lowering medications, antidepressant or anxiolytic medications, prescription painkillers, inhalants for obstructive airway diseases, glucocorticoids, and medications for gastric disorders (see S5 Table for  codes). hospital and department type, and smoking status (categorized as above). We calculated 30-day mortality proportions for each predefined BMI category and estimated mortality odds ratios (ORs), using BMI 18.5 to <25 kg/m 2 as reference category. We also calculated the OR adjusted for age and smoking status (adjusted OR, aOR), to assess if associations with BMI were independent of age and smoking. We refrained from further adjustments, as the order of factors in the causal pathway is impossible to disentangle in a cross-sectional design; factors such as comorbidities and medications may thus be mediators of any BMI effect on mortality rather than confounders. We presented graphically the proportions of users of selected medications and important causes of admission by BMI category, and further tabulated hospital contacts according to primary ICD-10 diagnosis chapters. We also calculated the prevalence ratios of causes of admission, using BMI 18.5 to <25 kg/m 2 as reference category.
Our study followed the RECORD guidelines, [34] and all data were fully anonymized before we accessed them. The study was approved by the Danish Data Protection Agency (Record Number KEA-2016-26). According to Danish legislation, registry-based studies do not require separate approval from the Danish Scientific Ethics Committee, nor do they require a written consent from the patients. The source data files were kept by the Central Denmark region and only files with the needed variables were exported to the Department of Clinical Epidemiology for research purposes. Only structured data were exported and the unique personal identifier (the CPR number) were encrypted in all data files. Personal variables like names, addresses etc. were excluded in all data files before transmission. Patients did not provide a written consent as the The Danish Act on Processing of Personal Data (Persondataloven) provides the legal basis for the ability of public institutions, including universities, to retain person-identifiable health data for research purposes. In addition, use of these data required a project-specific permission from the Data Protection Agency (Datatilsynet, www.datatilsynet.dk).
Results

BMI distribution in hospitalized patients
Among 92,027 acutely admitted patients (median age 62 years, 50.5% male), the BMI distribution was as follows: underweight: 4.0%, normal weight: 41.8%, overweight: 33.8%, obesity class I: 13.9%, obesity class II: 4.4%, and obesity class III: 2.1% (Table 1) .
Mortality
Overall 30-day mortality was 2.3%. Compared with normal-weight patients (30-day mortality 2.8%), underweight patients had the highest 30-day mortality (7.5%, aOR: 2.37 (95% CI; 1.95-2.89)) and patients with overweight (aORs: 0.65 (95% CI; 0.56-0.76), and in obesity classes I and II had the lowest 30-day mortality (1.4%, aORs: 0.76 (95% CI; 0.61-0.94), and 0.86 (95% CI; 0.59-1.26), with crude differences diminishing substantially after adjustment for age and smoking differences (Fig 1, Table 2 ).
Reasons for admission
Overall, reasons for acute hospital admission differed substantially by BMI range (Fig 2, Tables  3 and 4 , and S2 Table) .
Compared with normal-weight individuals as reference (20.4%, Table 2 ), we observed large differences in the proportion of admissions due to diseases of the circulatory system among patients with underweight: 14.5%, PR: 0.7 (95% CI; 0.7-0.8), overweight: 26.4%, PR: 1.3 (95% CI; 1.3-1.4), and obesity class III: 22.8%, PR: 1.1 (95% CI; 1.0-1.2)). Patients with normal weight had a high frequency of admissions due to injuries (e.g., fractures) and poisoning (Tables 3 and 4 ). Other diseases, including diseases of the digestive system or "symptoms, signs and abnormal clinical findings" had similar frequencies according to BMI category. For several specific conditions within these disease categories, findings were comparable (see Fig 2 and description below).
Patients with underweight
Patients with underweight differed substantially from patients in the other BMI categories.
Median age was high [68 years (IQR: 48-81 years)]; 26.8% were male; many patients smoked daily (45.4%); and 41.6% had previous hospital-diagnosed comorbidities (Table 1) . Admissions due to respiratory diseases were more frequent than in the other BMI categories: chronic obstructive pulmonary disease accounted for 6.0% of admissions, pneumonia: 4.5%, pneumonia: 3.8%, bacterial pneumonia for 2.0%, respiratory failure for 1.8%, acute lower respiratory infection for 1.7%, and fracture of the femur for 6.8% (Fig 2, S2 Table) . Among underweight patients, 38.0% were prescribed painkillers, 38.1% used antibiotic medications, 23.0% used antidepressant and anxiolytic medications; 20.1% used inhalants for obstructive airway diseases, 18.1% used drugs to treat gastric acid-related diseases, and 11.7% used glucocorticoids (Fig 3, S6 Table) . 
Patients with normal weight
Among patients with normal weight, the median age was 62 years (IQR: 42-76 years), 45.4% were male, 66.5% had no comorbidities, 29.9% smoked daily, and 30-day mortality was 2.8% (Table 1 ). The three most common causes of hospital admission were abdominal and pelvic pain (5.3%), fracture of femur (4.2%), and atrial fibrillation and flutter (3.3%) (Fig 2 and S2  Table) . Among patients with normal weight, 68.9% were users of any medication (Fig 3, S6 Table) .
Patients with overweight
Among overweight patients, the median age was 63 years (IQR: 48-74 years), 59.2% were male, 65.3% had no comorbidities, 23.7% smoked daily, and 30-day mortality was 1.6% (Table 1) . Admission patterns were similar to those of patients with normal weight. However, prevalence of cholelithiasis was higher (1.8%) (Fig 1 and S2 Table) . The overall prevalence of medication use was 72.9% (Fig 3, S6 Table) . The use of antibiotic medications (28.7%), antidepressants and anxiolytic medications (16.0%), glucocorticoids (10.5%), and inhalants for obstructive airway diseases (10.5%) was lower than in the other BMI categories (Fig 3 and S6  Table) . 
Patients with obesity
Patients with BMI !30 were relatively young (59 years median), few patients smoked (24%), and 66.1% had no comorbidities. The median age varied from 61 in obesity class I to 54 years in obesity class III (Table 1) . Male gender accounted for 39.1%-54.8% of persons in obesity classes I-III. Thirty-day mortality was lower among patients in obesity classes I and II (1.4%), compared to 1.7% among patients in obesity class III. Patients with obesity had a high overall prevalence of medication use: 78.1% in class I, 81.8% in class II, and 83.6% in class III (Fig 3 and S6 Table) . This included a high prevalence of users of glucose-lowering medications (14.9% to 23.6%), antihypertensive medications (21.5% to 21.5%), lipid-lowering medications (30.9% to 29.2%), and antibiotic medications (31.2% to 39.1%). Hospital admissions due to type 2 diabetes increased with higher BMI (obesity class I: 2.6%, obesity class II: 3.6%, and obesity class III: 6.0%) (Fig 3 and  S2 Table) . Other common causes of hospitalization were cholelithiasis (2.5% to 2.7%), sleep disorders (1.3% to 3.2%), breathing abnormalities (1.3% to 2.4%), erysipelas (1.1% to 3.5%), cutaneous abscess, furuncle, and carbuncle (1.5% to 2.2%) and heart failure (1.6% to 2.0%).
Discussion
To our knowledge, this is the first study to examine BMI distribution among patients acutely admitted to general hospitals in a setting with universal hospital coverage. This contrasts with previous studies which have examined BMI and mortality either in general populations of adults [3, 5] or among patients with specific diseases or inclusion criteria. [6] [7] [8] [9] [10] [11] When comparing our 92,027 hospitalized patients with Denmark's general population, a recent BMI survey in 2017 found that 2.7% of the Danish population had a self-reported BMI [35] The corresponding numbers for our hospitalized cohort of 2.4%, 51.0%, and 16.8%, respectively, indicate a slight overrepresentation of patients with high BMI values. This may reflect a truly increased admission rate in underweight or overweight people, or alternatively, more complete BMI recording among hospitalized patients with high BMI.
Overall, we observed considerable differences in patient characteristics and causes of admissions according to BMI category. In line with previous studies on patients with acute admissions, [6] [7] [8] [9] [10] [11] we found that patients with underweight had the highest 30-day mortality, while patients in obesity classes I and II had the lowest 30-day mortality, apparently related in part to their lower median age. Compared to patients with normal weight or obesity, patients with underweight were older, and more likely to be female, to have more comorbidities and more abnormal blood test results, and to have a higher prevalence of medication use and smoking. In contrast, patients with obesity were younger, had a lower frequency of smoking and lower use of several types of drugs, including antibiotic drugs and inhalants for obstructive airway diseases, but many more metabolic-syndrome-related risk factors.
It has been suggested that the higher mortality among patients with underweight in previous studies may be explained in part by an association between low BMI, tobacco smoking, and underlying illness leading to non-intentional weight loss. In contrast, our observation of a lower mortality in patients with overweight or obesity as compared with normal weight patients even after controlling for differences in age and smoking seems to confirm the 'obesity paradox'. [6] [7] [8] [9] [10] [11] 36 ] Importantly, we found that patients with normal weight, overweight, and obesity were very similar with regards to both age distribution, comorbidity, and history of ever smoking. Obesity is associated with proinflammatory defenses and increased energy reserves, which may be protective in patients with acute or chronic disease. [37, 38] Some studies have reported an age-associated protective effect of overweight on mortality: the higher the age, the more protective is the effect of overweight on mortality. [36] Alternatively, a previous study suggested that a higher proportion of people with obesity may be admitted to hospital, despite similar or lower severity of illness as compared with normal weight individuals. [10] Any lowered admission threshold may cause surveillance bias and lead to underestimation of mortality in obese patients. Another possible explanation on the obesity paradox is the presence of "collider bias": a situation, where uncorrelated causes [e.g, obesity and infections] "collide" by each competing to trigger the same outcome [e.g. heart failure]-and in the cases where obesity is the cause, the course of the disease may be more mild than in the cases where other causes lead to the disease [eg. infectious cardiomyopathy]. [39] We found a close association between underweight and specific chronic conditions, including chronic pulmonary disease (COPD). Tobacco smoking, [5, 26, 27] known to have a great impact on disease patterns and mortality, was also more prevalent among underweight persons. These findings corroborate findings in previous cross sectional studies, in which smoking has been related to both underweight [40] and COPD [27] and COPD patients were more underweight than people without COPD. [41] Hospital admissions due to pneumonia also were frequent among patients with underweight, in line with a recent meta-analysis (N = 2,561,839 patients) that reported a relative risk of 1.8 of for community-acquired pneumonia among patients with underweight compared to patients with normal weight. [42] We found that fractures of the femur also were common among patients with underweight corroborating previous findings. [43] Underweight is a documented risk factor for osteoporotic fractures. [44] Although the mechanisms through which low BMI may affect bone mineral density are not completely understood, the low levels of hormones secreted in the adipose tissue, including estrogen, leptin, and interleukin-6, may be protective. [21, 45] Smoking is associated with low BMI, [40] low bone mineral density, [46] and fracture risk, [20] and likely contributed to the high number of observed fracture admissions. [21, 45] Corroborating others' findings, [28] hospital admissions due to type 2 diabetes and use of drugs to treat metabolic syndrome-related diseases were common among patients with overweight and admissions due to type 2 diabetes and use of glucose-lowering drugs increased with increasing BMI (Figs 2 and 3) . [28] Cholelithiasis is also associated with obesity and the metabolic syndrome. [31] As seen in Fig 2, our results confirm the well-known association between obesity and obstructive sleep apnea. [47] Also infections including pneumonia and erysipelas increased with increasing BMI (Fig 2) , pointing to an association between obesity and skin, wound, respiratory, and other infections, and overall use of antibiotics which is in line with previous studies. [24, 25, 29, [48] [49] [50] [51] In contrast to previous findings, we found no clear association between atrial fibrillation and BMI. [23] The gender distribution differed among the BMI groups: both among patients with underweight and severe obesity, there was a high proportion of females, which may affect the disease risk for e.g. angina pectoris. [52] Further studies are required to investigate the interaction between obesity outcomes and gender in more detail.
Strengths and limitations
The main strengths of the present study include its unique information on BMI on a very large sample size and the access to complete hospitalization and prescription records.
Our study has several potential limitations. Only 38% of all acutely admitted patients had their BMI measured, and BMI values are likely not missing completely at random. Health care professionals may have an inclination to weigh people with either very low or high BMI compared with patients with normal BMI. Thus, since our data are likely not a random sample of all acutely admitted patients, they cannot be used as an estimation for the BMI distribution of hospital admitted patients in general. However, we present data mostly stratified, and we may argue that within strata of BMI, missingness is at random, and that data per strata (for example, mortality) are not largely invalidated by missingness. Still information bias may have occurred if, theoretically, a larger proportion of critically versus non-critically ill patients with low BMI have their weight measured, while in patients with obesity, both critically and noncritically ill patients may have their BMI measured.
Although inaccurate diagnostic coding may be a concern for the patient characteristics we measured, the physician-coded diagnoses in the DNPR have been reported to be highly valid for many conditions. [14] Concerning prescriptions, the AUPD contains data on prescriptions filled, [19] but no information on actual medication intake. However, several studies have shown good agreement between self-reported medication use or medication use reported by general practitioners and prescriptions filled at pharmacies. [53] [54] [55] Finally, data on smoking status relied on information self-reported by patients to their physicians, as recorded in the Central Denmark Region clinical information system at time of admission, and patients may underreport their smoking behavior. However, we assume that this possible underreporting is non-differentially associated with BMI values.
Conclusion
We have profiled acutely hospitalized patients in Denmark by their BMI. We documented a high short-term mortality among patients with underweight, however, we found evidence that clinical characteristics differ substantially by BMI category in hospitalized patients. Patients with underweight have a notably high frequency of smoking, admissions due to respiratory diseases, osteoporotic fractures, and comorbidity. Patients with obesity are often hospitalized due to skin infections, cholelithiasis, sleep disorders, diabetes, and heart failure. These data may prove valuable for future studies on the prognostic effect of BMI following hospital admission for a range of diseases. 
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